Biosafety is the application of laboratory practices, use of safety equipment and implementation of procedures in laboratory facilities when working with potentially infectious microorganisms to protect not only the laboratory worker, but also the general public and the environment. Biosafety training specifically structured based on risk is vital to establish a safe working environment to reduce the risks of unintentional exposure and/ or intentional release of infectious microorganisms. In 2016, a ladderized 3-step biosafety training program was established by the Research Institute for Tropical Medicine, a specialty infectious disease hospital and National Reference Laboratory in the Philippines. The training program includes 1) Biosafety 101, offered to all new RITM employees; 2) Applied Biosafety training, especially designed for laboratory personnel; and 3) Advanced Biosafety training, focused on developing Biosafety Officers and infectious disease outbreak responders. A 30% increase in awareness on biosafety has been achieved among participants of the first two steps of the program, with the third module to be implemented in 2017.
INTRODUCTION
In the past, laboratory practices are directly mentored by senior staff as an orientation procedure prior the conduct of laboratory work. To be able to work independently, individuals must demonstrate successful and acceptable behavior within the laboratory according to the evaluation and trust of senior and experienced laboratory personnel.
Emergence of antimicrobial resistance and highly infectious viral pathogens including MERS CoV, Ebola and Zika virus, comprise health threats that challenge both the public health sector and biosafety experts worldwide. Collection, handling, testing, transportation, storage and disposal of clinical specimens from cases suffering from emerging infectious diseases present significant risks to health care personnel, the community and the environment.
Biosafety is the discipline that addresses the safe handling and containment of infectious microorganisms and hazardous biological materials. 1 The goal of biosafety is to minimize the risk of infection to individual laboratory workers and reduce the accidental or unintentional release of pathogens from the laboratory to the community. 2 It is influenced by the impact of emerging and reemerging infectious diseases while serving the interest of global public health and protecting laboratory workers all at the same time. Ensuring safe working conditions in laboratories should be based on identified risks, among which are the lack of biosafety and biosecurity awareness and weak implementation of standard biosafety practices. 3 As such, there is a necessity to develop and implement a comprehensive biosafety training program that not only accounts for the risks posed by pathogens and pathogenic materials handled by the laboratory, and its existing facilities and biosafety controls, but also the capability of personnel in identifying and mitigating these risks.
to both in-patients and out-patients suffering from tropical diseases included within the scope of the Institute's research activities.
RITM was constructed and equipped by the Japanese government through a Grant-in-Aid of the Japan International Cooperation Agency (JICA) in a 31,000 square meters lot located inside the Filinvest Corporate City, Alabang, Muntinlupa City. With these highly-specialized facilities, it is imperative that the institute lay down and implement stringent biosafety and biosecurity policies.
RITM BIOSAFETY TRAINING PROGRAM
Biosafety training has previously been dependent on each laboratory department's separate orientation and training programs. With no standard training material, there is a potential for inconsistencies
Risk classification for laboratories
Laboratory manipulation of microorganisms can be safely conducted in either a basic laboratory, containment facility, or maximum containment facility based on risk assessment. The World Health Organization (WHO) and US National Institutes of Health (NIH) has recommended pathogens classification for laboratory use that describes the four general risk groups (1-4) based on its individual characteristics and the route of transmission of the natural disease in relation to biosafety levels ( Table 1) . Laboratory facilities are divided into four categories. Biosafety Level 1 and Biosafety Level 2 (basic), Biosafety Level 3 (containment), and Biosafety Level 4 (maximum containment). Biosafety level designations are based on a combination of design features, construction, containment facilities, equipment, practices and operational procedures required for working with agents from the various risk groups. 1, 4 The biosafety level requirement for a specific laboratory task shall be based on risk assessment and professional judgment rather than by risk group classification. Work with novel and dangerous pathogens has to be conducted in an appropriate containment facility by trained and competent laboratory personnel.
Biosafety and laboratory biorisk management
Laboratory biorisk management is the analysis of risks and development of strategies to minimize the likelihood of the occurrence of biorisks, with the overall aim of reducing the risk of accidental exposure to or release of biological hazards. 5 Biosafety training plays a vital role in this risk management strategy. It provides an effective approach to increase biosafety and biosecurity capacity of laboratory workers in a containment laboratory.
2 A welldefined and structured biosafety training enables the application of these concepts and skills in a formal and systematic manner against emerging highly infectious agents. 6 Biosafety professionals working in individual institutions are encouraged to develop and implement site specific and standardized biosafety training programs appropriate for their own laboratory facilities. 
BACKGROUND OF THE INSTITUTE
The Research Institute for Tropical Medicine (RITM) was established in 1981 thru Executive Order No. 674 to undertake research activities in the diagnosis, control and prevention of tropical diseases that are major causes of mortality and morbidity in the Philippines; conduct clinical trials aimed at better understanding and control of tropical diseases; conduct regular training courses for medical and paramedical personnel in the control of common tropical diseases in the country; and provide high quality tertiary care 
DEVELOPMENT OF THE PROGRAM
The development of the Biosafety training aims to adapt a centralized biosafety and biosecurity orientation that will be applicable to all RITM personnel. The training shall be conducted by both traditional lecture and non-traditional training methods customized to the adult learning process and strategies. The flow chart on Figure 1 shows the detailed step by step process on the creation of this ladderized biosafety training program.
First, the creation of the core training team which is composed of consultants and Biosafety officers. The team is responsible for the planning, organization and to facilitate the execution of the whole program. A draft proposal was then conceptualized with the use of RITM biosafety manuals with the aid of the previously mentioned international biosafety manuals as reference materials. After which the target speakers which are all biosafety officers, will then be tapped for the program. Guidelines for determination of participants were also drafted. Each Biosafety training level targets different levels of participants. The actual training program will then be carried out and was evaluated based on the evaluation guidelines that were prepared.
Initial Assessment
Participants took a written examination before the start of the Applied Biosafety training. The test aimed to assess the knowledge of each participant on the concepts on biosafety and biosafety hazards associated with the facility as well as to determine the training needs and approaches to be used. The set of questionnaires is based on the content that will be covered in the entire program.
Level 1: Biosafety 101
Biosafety 101 is an introductory course open for all employees regardless of its role in a laboratory containment facility. It was established in the premise that as one institution, employees work towards one mission and therefore share one risk. The information on how to mitigate the risk must therefore be understood by all. Biosafety 101 aims, not only to raise awareness on the basic and fundamental principles of biological safety and biosecurity but to direct employees' perception of the risk that this institution shares on the level of awareness and competence. As the number of individuals working with infectious microorganism increases, standardized introductory biosafety training may be helpful, thus, a sustainable, centralized, and reproducible system needs to be developed and improved. A ladderized training program has been set to create different levels of training and awareness among RITM employees depending on their specific role within the institute.
An institutional biosafety committee previously existed under the Assistant Director's Office which served to establish biosafety and biosecurity policies. However, the committee suffered attrition in recent years due to retirement of key staff. In 2016, the Director's Office established the Biorisk Management Office (BRMO). The BRMO, with the vision of making RITM the leader of applied biosafety and biosecurity in the Philippines, is tasked to implement policies, monitor their implementation, conduct risk assessments, and evaluate biosafety and biosecurity programs within the institute.
The BRMO developed a new institutional ladderized biosafety training course, designed as a 3-ladder step program which includes the following: an introductory course offered to all new employees, regardless of whether they are engaged in any laboratory activities or not. In-house guidelines have also been developed to familiarize workers on biosafety and biosecurity; the Applied biosafety training program, the second step of the program, is designed for in house laboratory personnel tasked to conduct routine and special laboratory procedures, such as, collection, handling, testing, storage and disposal of specimens, isolates and biologicals; the third part of the program is the Advanced Biosafety training, which focuses on developing biosafety officers and infectious disease outbreak responders. A regular monthly meeting of biosafety officers is conducted to provide a proper platform for the sharing of newly acquired skills and knowledge, as well as discussion of relevant concerns.
As reference for the development of the ladderized training program, the office incorporated the following critical elements for an effective biosafety training program according to the WHO laboratory biosafety manual of 2004:
• Needs assessment: Determination of tasks to be carried out as well as the proper approach for each task.
• Establishment of training objectives: Identification of observable behaviors, capabilities and level of proficiency that are expected to be demonstrated by the trainees at the end of the program.
• Specification of training content and media: Design of media to be used in conducting training. It must be comprehensive and efficient to be able to provide the intended knowledge and skills to the trainees.
• Accounting for individual learning differences:
Incorporation of different training approaches in developing a biosafety training program is vital since each individual has different learning capabilities.
• Specifying learning conditions: Selection of a mode of instruction is important in passing the required information to the trainees. The different approaches to be used should deliver the expected outcomes of the training.
• Training evaluation: This should determine the effectivity of the training as measured by the achievement of the overall goal.
• Training revision: The use of questionnaires and survey methods to evaluate the overall training process are necessary to improve future training programs. The Advanced Biosafety Training for Outbreak Responders is limited for Laboratory Research Division appointed personnel who will be task to be first line, second and third line responders at the event of an emerging disease outbreak. Appointed LRD personnel shall undergo three whole day intensive biorisk management session. The training program ensures risk assessment based approach in selecting the most appropriate control measures at a given situation at the time of outbreak and biological emergency. This will enable the participants to review and apply best biosafety practices to reduce the risk of exposure. This training program aims to strengthen camaraderie and coordination among all biosafety officers nationwide as well as to promote professional biosafety judgment.
Advanced biosafety training for biosafety officers is exclusive for the selected/appointed laboratory personnel of each department who undergone meticulous screening selection process, biosafety train the trainer programs and completed the first two steps of this ladderized program. Biosafety Officers will serve for a minimum of 2 years-on the job-training program upon the release of office order. Biosafety Officers training program is focused on biorisk management system according to CEN Workshop Agreement 15793:2011. Biosafety Officers shall deal with the implementation of Biosafety/Biosecurity administrative controls. This includes institutional biosafety risk assessment and management, hazard communication and biosafety protocol review. In addition, monitoring of biorisk performance through audit and inspection and facilitating biosafety training programs are also included. Each biosafety officers are expected to promote a biosafety program under the Biorisk Management Committee that will strengthen the culture of safety in the institute. Upon completion, successful biosafety officers will be qualified to be listed as Registered Biosafety Professionals. RITM Registered Biosafety Professional will be the official members of the Biorisk Management Committee who will ensure continuous improvement of the biorisk management system of the institute. Biosafety 101 as the initial step in the ladder aims to establish the employees' baseline awareness on the basic principles of biological safety and security that could facilitate employees understanding in its role in the mission of the institute of providing safe and secured working environment.
Level 2: Applied Biosafety Training
Applied biosafety training is dedicated for employees who are directly involved in collection, handling, testing, transport, storage and disposal of clinical specimen, isolates and biological materials. It aims to ensure compliance with the standard biosafety practices based on risk assessment. This uses the adult learning teaching strategies to ensure active participation and maximize hands on learning experience. The training is not limited to power point slide presentation, lecture, and question & answer portion alone. Participants experience applied biosafety through its sessions that are filled with hands on laboratory activities that will stimulate the audience active participation and maximize learning capability. This includes demonstrations and return demonstration of best laboratory practices, video presentations on how safety equipment works, case study scenario, actual risk assessment process, performance evaluation process, group exercises, reporting and open discussion. Applied biosafety training is facilitated by home grown biosafety officers, invited biosafety professionals and experts who are trained in facilitating adult learning and teaching strategies. The Applied Biosafety Training is a three day workshop covering the following topics: 
RECOMMENDATIONS
The authors suggest breaking down the introductory Biosafety 101 course into a series of sessions focusing on 1 to 2 topics per session to improve attendance and allow more in-depth discussion of all the topics, instead of conducting it as a one-day activity. A standard, fit-for-purpose method on the provision of pre-and post-tests for all the 3 levels of the training should be implemented. Demonstration of standard biosafety skills and practices, and its evaluation, should be incorporated under the Applied Biosafety training. Finally, the authors recommend holding an annual refresher course complete with biosafety spill drills, and a module type refresher every two years, to ensure that all participants are up to date.
the time of response. The remaining 10% of the time will be spend for listening and participating to discussion on essential biosafety topics and updates from invited biosafety experts and professionals At the end of the training, appointed responders will be equipped with professional judgment and advanced biosafety skills necessary to reduce the risk and step over the challenges of an emerging biological threat.
Final Assessment
The final assessment is accomplished through a written examination consisting of the same set of questionnaires that were given during the initial assessment. After the post-test, discussions on the answers were done focusing on the items where the most number of participants performed poorly. Those who fail to take the posttest are required to take a refresher course prior to re-examination. Completion certificates will be issued to successful participants upon completion of each training.
PILOT IMPLEMENTATION
A total of 118 RITM employees were enrolled for a one-day As of this publication, the Biorisk Level 3, Advanced Biosafety training is still in process for implementation. Target participants are those who have already completed both Biosafety 101 and Applied Biosafety Training courses. At the end of this 3-step ladder program, it is expected that the successful participants can serve as responders during infectious disease outbreak and related emergencies.
Evaluation of the biosafety training program
Post-training test scores of all trainees were above the passing mark. A paired t-test was run on the pre-and post-test scores of the participants of the Biosafety training course to determine if there is a statistically significant mean difference between the two sets of exams. As seen in the statistical output generated using the computer tool Stata 13, there is a statistically significant increase of 30.07 (95% CI, p<0.05) (Figure 4 ). 
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